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Three fluorescein-labeled Iectins were shown to bind 
differentially to cell surfaces in different epithelial lay-
ers of rat oral mucosa regardless of the age or the site 
of origin of the tissue. Griffonia simplicifolia (GS-1-
B4), specific for a-o-galactosyl end groups, labeled basal 
cells only; Ulex europeus (Ulex 1) specific for a -L-fuco-
syl groups labeled spinous cells; and Bandeiraea simpli-
cifolia (BSII), specific for N-acetyl-o-glucosamine, la-
beled cornified cells. Pretreatment of sections with a-
galactosidase completely abolished the staining of basal 
cells by GS-1-B4, but had no effect on the staining of 
spinous cells by Ulex 1. In contrast, a-fucosidase abol-
ished the staining of spinous cells by Ulex 1 and caused 
staining of both basal and spinous cells by GS-1-B4. 
Neuraminidase and chondroitinase ABC produced re-
sults similar to one another, with staining of basal cells 
by GS-1-B4 and labeling of both basal and spinous cells 
with Ulex 1. t1-galactosidase, t1-glucunmidase, and tes-
ticular hyaluronidase did not affect the staining pattern 
of GS-1-B4 or Ulex 1, whereas chymotrypsin completely 
abolished any staining with either lectin. The results 
demonstrate a complex arrangement of cell surface car-
bohydrates in the epithelium of rat oral mucosa. The 
findings indicate a possible simplification in the spatial 
arrangements of cell surface carbohydrates during the 
differentiation of basal to spinous cells. 
The cell surface is of major importance in activities such as 
contact inhibition, cell proliferation, and cell different iation 
[1]. Information about the cell surface and, in particular, cell 
surface glycoproteins and glycolipids can readily be obtained 
using plant lectins which bind to specific carbohydrate moieties 
[2]. Lectins have been used to map cell surface glycoconjugates 
in human and rodent oral mucosa [3-8) and this work has been 
extended using blood group ant igens and their precursors 
[9,10). 
Recently, a series of lectins have been identified which can 
act as markers of epidermal differentiation by labeling the 
different membrane glycoconjugates in basal, spinous, and cor-
nified cells [ll] . For example, Griffonia simplicifolia (GS-1-B4) 
[12] specific for terminal a-o-galactosyl groups, labeled basal 
cells only; Ulex europeus (Ulex 1), specific for terminal a-L-
fucosyl groups, labeled spinous cells; and Bandeiraea simplici-
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folia (BSII), specific for terminal N-acetyl-o-glucosamine 
groups, labeled cornified cells. 
The manner in which glycoproteins are organized in strati-
fied squamous epithelium is largely unknown. Carbohydrate 
and protein-digesting enzymes used in association with lectins 
specific for certain carbohydrate moieties offer one method to 
study the structural heterogeneity of glycoprotein molecules 
during epidermal differentiation. We have studied the distri-
bution of specific cell surface carbohydrates in different layers 
of rat oral epithelium using 3 fluorescein-labeled plant lectins. 
Mucosa from different sites and from animals of different 
maturity was examined. In addition, we describe the effects of 
pretreatment with enzymes on the binding of these lectins to 
tissues. 
MATERIALS AND METHODS 
Tissues 
Three pregnant albino Sprague-Dawley rats (O.L.A.C. Ltd., Bicester, 
U.K.) at 18- 21 days' gestation were sacrificed by cervical dislocation. 
Oral mucosa from lip, tongue, floor of mouth, buccal mucosa, and hard 
and soft palates were dissected from both adults and fetuses and the 
tissues were immediately frozen in isopentane-liquid nitrogen at 
-16o· c. Samples were stored at -7o· c . 
Lectin Staining and Microscopy 
Tissues were embedded in Tissue-Tek O.C.T. (R.A. Lamb, London) 
and orientated for sections to be cut at right angles to the epithelial 
surface. Cryostat sections (5 11m) were prepared on gelatin-coated 
slides, air-dried at room temperature for 20 min, and incubated with 
fluorescein-isothiocyanate (FITC)-conjugated lectins at 4 ·c , 2o· c, or 
37•C for 45 min (Table 1) . Alllectins were diluted in phosphate-buffered 
saline (PBS) at pH 7.3. After staining with lectins, sections were 
washed 3 t imes in PBS, each for 5 min, and mounted in a 1:10 PBS/ 
glycerol solution. Lectin specificity was examined (Table I) as described 
by Brabec et al [11) . Lectins and control reagents were bought from 
Sigma (U.S.A.) with the exception of BSII which was purchased from 
Pierce (U.S.A.) . 
After immunofluorescent staining, sections were examined by dark· 
ground narrow-band blue fluorescent microscopy using a Leitz Ortho-
lux microscope with Orthomat camera. 
Enzyme Studies 
In some experiments, test sections were prewashed in appropriate 
buffer solutions and then subjected to enzyme digestion prior to the 
application of lectins (Table II). All the experiments using enzymes 
were repeated to confirm the findings. Parallel control sections were 
incubated in buffer solution without enzyme. a -Galactos idase was 
purchased from Calbiochem (U.S.A.) , neuraminidase from the Behring 
Corporation (U.S.A.), and the remainder of the enzymes from Sigma 
(U.S.A.). 
RESULTS 
Lectin Staining in Oral Epithelium 
Table III shows the staining patterns of specific layers of the 
rat oral epithelium following treatment with the FITC-conju-
gated lectins. The membranes of the basal cells, which consti-
tuted a layer 1-3 cells thick adjacent to the underlying dermis, 
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TABLE I. Lectins and control experiments to establish lectin specificity 
Lectin 
Origin Nomenclature 
Concentration 
(mg/ml) Specificity 
Control experiments [11] 
Preincubation of lectin with: 
Griffonia simplicifolia ls-
olectin - B4 
Bandeiraea simplicifolia 
II 
GS-1-B4 0.10 a-D-galactopyranosyl groups (1) 12.5 mM methyl-a-D-galactopyranoside 
(2) 20 mM methyl- a-D-glucopyranoside 
(1) 20 mM N-acetyl-D-glucosamine BSII 0.10 N-acetyl-D-glucosamine 
Ulex europeus Ulex 1 0.15 a-L-fucose 
(2) 20 mM methyl-a-D-galactopyranoside 
(1) 0.5 M L-fucose 
(2) 0.5 M N-acetyl-D-glucosamine 
TABLE II. Enzyme solutions and incubation conditions 
Enzyme Concentration Buffer pH Incubation conditions 
a-Galactosidase from the coffee 1 unit/ml Mcilvaine phosphate/citrate 5.1 30 min at 20"C [11] 
bean buffer 
/3-Galactosidase from Aspergillus 1 unit/ml Mcilvaine phosphate/citrate 5.1 30 min at 20"C [11] 
niger buffer 
a-Fucosidase 1.4 units/ml 0.1 M Sodium acetate buffer 5.0 1 h at 37"C [12] 
Neuraminidase from Vibrio chol- 415 units/ml 0.1 M Sodium acetate-0.05 M 5.5 24 h at 37"C [13] 
erae sodium chloride- 0.009 M 
calcium chloride buffer 
/3 -Glucuronidase 1 mg/ml 0.1 M Sodium acetate buffer 5.0 5 h at 37"C 
Bovine testicular hyaluronidase 2 units/ml 0.1 M Sodium acetate-0.05 M 5.0 1 h at 25"C [14] 
sodium chloride buffer 
Chondroitinase ABC 2.5 units/ml 0.1 M Sodium acetate-Tris- 7.3 1 h at 37"C [14] 
HCl buffer 
Chymotrypsin; Type x1, DPCC 0.1 % (w/v) Tris-saline buffer containing 7.8 5 hat 37"C 
treated 0.1% calcium chloride 
TABLE III. The effect of enzyme pretreatment on the binding of lectins 
to rat oral epithe lium 
Enzyme BSJ/ 
(Control- no GS-1-84 Ulexl (Variable 
enzyme (Staining basal (Staining spinous staining of 
pretreatment of cells only) cells only) cornified 
sections) cells only) 
a -Galactosidase No staining Staining spinous 
cells 
/3-Galactos idase Staining basal Staining spinous 
cells cells 
a-Fucosidase Stain ing basal No staining 
and spinous 
cells 
Neuraminidase Staining basal Staining basal 
cells and spinous 
cells 
/3-G lucuronidase Enhanced Staining spinous 
staining cells 
basal cells 
T esticular hyalu- Staining basal Staining spinous 
ronidase cells cells 
Chondroit inase Staining basal Staining basal 
ABC cells and spinous 
cells 
Chymotrypsin No staining No staining 
were labeled with GS-1-B4, but there was no staining in the 
remainder of the epithelium (Fig 1A ). Ulex 1 stained intensely 
the surface of the cells in the stratum spinosum with no staining 
in the basal, granular, or cornified layers (Fig 1B) . BSII stained 
the cell membranes of the stratum granulosum only, but the 
staining intensity was weak and variable compared to the other 
two lectins. 
Incubation of sections with lectins at higher temperatures 
(up to 37"C) enhanced the intensity of fluorescence, without in 
any way changing the staining patterns or distribution. Sub-
sequently, a ll lectins were incubated at 37•c. 
Adult and fetal oral mucosa from several anatomic sites was 
studied to determine whether there were either age-related, or 
site-specific variations in lectin binding. Fluorescent intensity 
varied in tissues of different age (adult > fetal) and in tissues 
FIG 1. Lingual mucosa from the dorsal surface of the rat tongue 
labeled with FITC-conjugated lectins with no prior enzyme treatment 
of the section. A, GS-l-B4 stained the membranes of the basal cells, 
1- 3 cells thick, adjacent to t he underlying dermis. Note the positive 
reactivity of the dorsal lingual papillae. Bar= 50 J.lm. B, Ulex 1 labeled 
the cell surfaces of the stratum spinosum with absence of staining in 
t he basal, granular, and cornified layers. Dorsal lingual papi llae show 
positive reactivity. Arrows indicate the basement membrane zone. Bar 
= 50J.lm . 
from different sites (tongue > buccal mucosa > soft palate> 
hard palate; lateral and ventral border of tongue > dorsum of 
tongue) . In addition, Ulex 1 stained the mucous salivary glands 
of the soft palate, whereas GS-1-B4 and BSII did not. However, 
in a ll other aspects lectin binding did not differ with age or site 
of tissue. 
Lectin Specificity 
Preincubation of GS-1-B4 with the competing sugar methyl 
a-D-galactopyranoside completely inhibited staining, but prein-
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cubation with the noncompeting sugar methyl a-D-glucopyr-
anoside had no effect. Labeling of spinous cells by Ulex 1 was 
inhibited by L-fucose, but staining was unaltered by preincu-
bation with N-acetyl-a-D-glucosamine. Staining with BSII was 
blocked by preincubation of the lectin with N-acetyl-o-glucos-
amine, but not by methyl-a-D-galactopyranoside. 
Effe ct of Enzyme Pretreatment on Lectin Staining 
Sections of lingual mucosa were incubated with a number of 
enzymes prior to staining with GS-1-B4 and Ulex 1 (Table III). 
These studies were not extended to include BSII because of the 
variability of staining using this lectin. 
Pretreatment of sections with a-galactosidase completely 
abolished the staining of basal cells by GS-1-B4, but the enzyme 
had no effect on the normal staining pattern of Ulex 1 with 
labeling of spinous cells only. ,8-galactosidase, however, did not 
influence the staining of basal cells by GS-1 -B4 or of spinous 
cells by Ulex 1. In contrast, a -fucosidase caused staining of 
both basal and spinous cells by GS-1-B4 (Fig 2A) and abolished 
any staining of spinous cells by Ulex 1 (Fig 2B ). Neuraminidase 
treatment resulted in a normal staining pattern of basal cells 
by GS-1-B4 (Fig 3A) and labeled both basal and spinous cells 
with Ulex 1 (Fig 3B) Similarly, chondroitinase ABC labeled 
basal cells with GS-1-B4 (Fig 4A) and resulted in the staining 
of both basal and spinous cells by Ulex 1 (Fig 4B). Neither ,a-
glucuronidase or testicular hyaluronidase affected the staining 
pattern of GS-1-B4 or Ulex 1, although there appeared to be 
some enhancement of staining with GS-1-B4 following treat-
ment with ,8-glucuronidase. Chymotrypsin completely abol-
ished the staining with both GS-1-B4 and Ulex 1. 
DISCUSSION 
The results of this study have demonstrated binding of 3 
FITC-conjugated lectins to epithelial cell surfaces of rat oral 
mucosa from various anatomic sites. This study has shown that 
GS-l-B4 (specific for L¥-D-galactopyranosyl) stained basal cells 
(Fig 1A ), Ulex 1 (specific for a -L-fucopyranosyl) stained spi-
nous cells (Fig 1B ), and BSII (specific for N-acetyl-D-glucosa-
mine) stained cornified cells. Appropriate control experiments 
confirmed the specific nature of lectin binding. In these re-
spects, therefore, the lectins appeared to label rat oral epithe-
FIG 2. Lingual mucosa from the dorsum of the rat tongue pretreated 
with a ·fucosidase and labeled with FITC-conjugated lectins. A, GS-1· 
B4 stained the cell surfaces of basal and spinous cells. Bar= 50 I'm· B, 
Ulex 1 labeling of cell surfaces was completely inhibited by a-fucosi· 
dase. Arrows indicate the limits of the epithelial layer. Bar= 50 ~tm. 
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FIG 3. Lingual mucosa from the dorsum of the rat tongue pretreated 
with neuraminidase and labeled with FITC-conjugated lectins. A, GS-
1-84 stained t he membranes of basal cells only. Bar= 50 !LID- B, Ulex 
1 labeled the surfaces of basal and spinous cells. Bar = 50 !LID. 
FIG 4. Lingual mucosa from the dorsum of the rat tongue pretreated 
with chondroitinase ABC and labeled with FITC-conjugated lectins. A, 
GS-1-84 showed staining of the surfaces of basal cells only. Bar= 50 
I'm. B, Ulex 1 labeled the cell surfaces of basal and spinous cells. Bar 
= 50~tm. 
lium in a similar way to rat [11] and human [7] epidermal 
tissues. 
In the present study, the lectins displayed their normal 
labeling pattern regardless of the age or the site of origin of the 
tissue, although the staining intensity increased in adult com-
pared to fetal tissue. In addition, a -L-fucopyranosyl groups 
were demonstrated in the mucous salivary glands of the soft 
palate. This finding extends the work of Schulte and Spicer 
(16] who examined the staining of murine salivary glands wit h 
several lectin-horseradish peroxidase conjugates, but did not 
include intraoral minor salivary glands in their study. 
In this study, pretreatment of tissue sections with either a-
galactosidase before staining with GS-1-B4, or with a- fucosi -
dase before Ulex 1 (Fig 2B), abolished the normal staining 
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pattern of these lectins and thereby confirmed the lectin spec-
ificity for the appropriate sugar residue. Pretreatment of tissues 
with a -fucosidase before staining with GS-1-B4 resulted in 
staining of basal and spinous cells (Fig 2A) whereas a-galac-
tosidase did not alter the normal staining pattern of Ulex 1. 
These results suggest that a-fucosyl residues may block a-
galactosyl carbohydrates in spinous and not basal cells. One 
interpretation of this finding is that a-fucosyl residues are 
added to cell surface glycoproteins during the differentiation 
from basal to spinous cells, and indeed, Zieske and Bernstein 
[12] have shown that cell membrane glycoproteins from epi-
dermis bind more Ulex 1, but less GS-1-B4, as the cells move 
out of the basal layer during epidermal differentiation. 
This study has demonstrated that pretreatment of tissue 
sections with neuraminidase (which removes terminal sialic 
acid residues) resulted in staining of basal cells by GS-1-B4 
(Fig 3A) and extended the normal staining pattern of Ulex 1 
to include basal and spinous cells (Fig 3B). The results dem-
onstrate that terminal sialic acid masks L-fucose residues in 
the basal layer of epithelium. The fact that labeling by GS-1-
B4 was unaltered by neuraminidase in the present study is 
consistent with the findings of Nemanic et al [7] who showed 
that terminal a-galactose residues free of sialic acid were pres-
ent in the basal layer of mouse skin but absent in human skin. 
f)-Glucuronidase, acting as an exoglycosidase, has been re-
ported to cleave glucuronic acid from the terminal N-acetyl-
hexosamine of the glycosaminoglycan chain [ 17]. In the present 
study, pretreatment of tissue sections with f)-glucuronidase 
enhanced staining of basal cells by GS-1-B4 and appeared not 
to affect the normal staining pattern of Ulex 1. The results 
suggest that a-D-galactopyranosyl and not L-fucose residues 
may be masked by terminal glucuronic acid in the basal epithe-
lial cells. 
Two of the best-defined endoglycosidases for the enzymic 
degradation of glycosaminoglycans are testicular hyaluroni-
dase, which cleaves both hyaluronic acid and chondroitin sul-
fates [17], and chondroitinase ABC, which cleaves chondroitin 
sulfates and dermatan sulfate [14), at random within the chain. 
In the present study, testicular hyaluronidase did not appear 
to influence the staining pattern of GS-1-B4 or Ulex 1. Chon-
droitinase ABC, however, although it did not influence the 
staining pattern of GS-1-B4 (Fig 4A), produced staining of 
basal and spinous cells following Ulex 1 (Fig 4B). Taken 
together, these results implicate derma tan sulfate as one of the 
critical factors that may block L-fucose residues in the epithelial 
basal layer. 
Finally, this study has shown that pretreatment of sections 
with chymotrypsin prior to staining with GS-1-B4 or Ulex 1 
abolished the normal staining pattern of both lectins. It is likely 
that chymotrypsin cleaved the protein core of the glycoprotein 
aggregate and thereby removed the glycosaminoglycan complex 
and lectin-binding sites. 
The results of this study demonstrate a complex arrangement 
of cell surface carbohydrates in the epithelium of rat oral 
mucosa. In the present study, a-D-galactosyl residues and a-L-
fucose carbohydrates were demonstrated in both the basal and 
spinous layers of the epithelium. The expression of these car-
bohydrates appears to be determined by the presence or absence 
of so-called blocking molecules, which, once removed, enable 
visualization of the carbohydrate residue by lectin labeling. For 
example, a -D-galactopyranosyl end groups, but not a-L-fucose 
residues appeared to be associated with terminal glucuronic 
acid in basal epithelial cells. In a similar way, as evidenced by 
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our findings with neuraminidase, hyaluronidase, and chondro-
itinase ABC, a-L-fucose residues were masked by terminal sialic 
acid and possibly dermatan sulfate in basal and not spinous 
epithelial cells. In other tissues, there appears to be a gradual 
loss of terminal sialic acid during differentiation as demon-
strated in mouse erythroid cells [18], chick retina [19], and 
quail neural crest cells [20]. The findings of the present study 
suggest a greater complexity of carbohydrates in basal rather 
than spinous cells and add indirect support to the concept [7] 
of sugar deletion during epidermal differentiation. 
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